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(57) [mm 

[fl¥&^S] A1N §2, SiK 

-T'nMGaAIN Jf 3 (n|) , GaN JH 4 (?£t4Jl) , Mg 
K— 7"GaAlN»5 (pjf) K-7°GaAlN g 

5 (pi) ±{rSi0,S7*±f6|gUfem, jSElmnu m>0n 
mcr>mmmz?&7 AZffllL K— T^GaAlNJIS (pi) 
<Z>& 8 Si K— 7°nSGaAlN S3 (n|) (d, 



6 A 




1 

■tmit^V 9A*ft^ft**f(: ((Al,iCai-,i) r iIrii- r i 
N:OSxl^l,Ogyl^l)^P>^S n Jf&*£ B B B /5)c;g 
gib#y $ J±mt-&yo*m\* ((AUGa,.,,)^!^^ 

r ? -t ■ffTfmtozmm lt p M^m^^-r^b^ y 

t> Am-ffc-g-fe^Sgft ((Al. J 3a,. >5 ),.Jn,-, ! N:0gx3g 
[f&3ftJS3] itufEpB©±«£#JIg£^J#U r©j& 

fee 

^gfs^js 3 ©v ^-r 1 m\zm%t<Dmittf y 
ie n « *> mmznm-t s r t * &m t -r z iff 

mm e ©v o-rar* 1 ^triB«©^ft^ y 9 ^swb^ 

[M*"g8] iufEnJl, stfESteJl, BUlEp Jitev S 
U 6H-SiC, GaN^^g£S±|:M 

■f 5 - 1 i -r sti*^ 1 nmtmm 6 ©i^-rtu^ 
i^ioif5«©^ib^y ja^*******?©* 

[ffi#Jg9] itISn®. BufeStie, fifiiEpjfkfc, s 
i % 6H-S i C, GaN«>^5SSil:M 

imxm i o j mmnm^Mmm^'mm&x' v-t- 

v I4©?$& K— fc* v ^1" #m fc i"S BUsft 



(2) ftfflW- 1 1-346035 

2 

« l 7iIW#fl 9 l 9fcE«W>£fl;# y >> a 

[oooi] *mw(D&%,m*, «*.wr, iNTftu— y 

10 firN&figW&Sfcl.fcS «Al,Ga,J r IiW*:Ogxgl,0 
SySl)Ji©p3Kbt!Efl?£Sa£fc Lt, HffcfclJMBSfc 
aSf*JD^.T, Ifl&T, ((Al,Ga 1 .,) y In„N:Ogxgl, 

t©T*fcSo 
[0 0 0 2] 

y ^7;K = UA (InGaAlP)^^ B B B ^J:'P^iK$tbT 

20 T'fc-50.6 —0.7 n m^lrJSi"S 0 
[0 0 0 3] 

[%BJ*5ft?^:Li: 5£-T588Jg] L*»L**sfe, 5!!-, 

fflV^MiS&S. (Al,Ga,-,),Irii. v N I4^©^IS©— 
[0 0 0 4] (Al x Ga,- 1( ) > .In I - > .N , GaN i4^?a(3 

ook) T3tsiE i-i'p^^scaj-rsrt £tix\,^z 

30 (H. Amano ^Japanese Journal of Applied Physics 
■ 3?29#1990*F L205-L206M) „ rori^fe, ±tE¥* 

[0 0 0 5] L*>L**fe, JiiE^iK©{b^^^5»f*l4 
P M^aa^KW^^ffiHT ft. 5 » % ^S{rPJ 5 * 
T- (Al»Gai-,),In,.,N SrfflV^fcSaaAC ± S U 

[0 0 0 6] *:^PJI4, ±lE«3BWHSr«?*i-5*:»JJ:i« 

xhz>, 

[0 0 0 7] 

&m)}nLxnmmm.&*7F-tmttfv vj*jMt&m*m- 

fli ((Al„Ga l ., I ) rl In,- r ,N:Ogxl^],0^ylSl)^tj^ 

((Al, J Ga l ^) rt In l . r! N:0gx2gl,0^y2gl)^t>fig-5 

S^mtt^^-t^b^y [7^^{b^^^fr- ((Al xS 3a 
50 ,. x ,) v ,]n,. y ,N:0^x3^l,0gy3Sl)^e>figS pB^rS^ 



3 

B ij*ft $ * 5 r t bfiK a mt-tf y <> j»x<k&m¥w# 

[0 0 0 8] X, tt©»WWt» L'-f 1 ^ 
Or- KffcSrt^ittS. X, teroigP^li, p® 

h^tzftmb-tZo x, moftwiz. nm<o±K.ma. 

5 C X, flil©3B93f4, n@±roS®^lH5»-^^^Sr^ 

(r^i-sm@^^-rsr ttftrnt-tZo x, 

5 0 X, (fe©38WM:, ni, SttS, pHW\ t7r^ 

7mm±w&&.-rzz.b&ft®Lb-tz>. X, te<7>«3U 

14, ni, St£Jf , pJII4, Si, 6H-SiC v 31 
14, GaNA^^5SS±CMt5:iSr!|jii:t 
So X, ffi©^Wf*> nil, SteS, pJII4, Si, 6 
H-S i C, XI4, G a Nd»fefi£5StR±^fi£U, n 

Z>o £bl£, flW53BWH:, nJBl4j***B»3lci«»«-CK 

U * v |4(S» A ^ K - f > ^i" 6 t i * »» -r 

[0009] wt> fto± 5 fc#?f£ii-5 i t^-cfc 

[0 0 1 0] X, *SiJffi*SOtb©6?)/h$V^ 

ffiHI-^SiJ^ : itiI2a.t> ! ?lBl*fi^ 5 l^-X(4S^ l 9, -t 

[0 0 1 1] X, *ftijaf«<DR****2 0£A±««L 

[0 0 12]X, T^-fc^^WttfcK-T'Lfcatetf 

39<fc;$*fcJiS:#LT<feftv\, 
[0 0 13] X, pSHb£*tfcg{b#y 

[0 0 14] mmat, V^T-lT, Si, 6H-SiCXI4Ga 
[001 5] 

H^SW] ( (A 1 „Ga,.„) J n,. y N : 0 g x g 1 , 0 g y £ 
l)i|t«tflEK*JV>r, a»T P Sa^ 



(3) 1 1 -3 4 6 0 3 5 

4 

s©****, «*.tf, w- y-*y-r a— h'attft&xf* 

[0 0 16] ##W©J:5fctt^»fi8a*ifflSfcJ:*(Al, 
Ga.-JJn.-.N © p SHbS&IH £ , 5 £ t Id 

49, #fea»fc*fe»i«fc*#«*©*ffijftft&#o, 

[0 0 17] 

10 y y-^ ? A (A],Ga„) r In,J*¥i£afls«!fflStE 

tri4, t7 7 ^7, 3i3f(Si),6H £Hb3£§{l(6H-SiC)fc^ 
L^-fk^y !7A(GaN) r £ £>„ 

[0 0 18] -y-7 7--i'T&s|gti-s«-&i-i4^^< £ 

t><J£?& (0iJ^I4*^6OO t) -CifWLfeAIN ^SRSr-^tf® 

* mm m t -r a © *« a * t ^ e 

[0 0 19] Si*Stgi:i-54i-g-{Cl4'>*< irt3C-SiC 
5$ffi|— S*^VM43C-SiC^E)BI&U J AlN Mgc£>-J§&-£tf 

[0 0 2 0] 6H-SiCSrStgti-^li-^|J:{4ie«*V^LGa 
20 N Sr««gli:-f 5©*«a*L.v\ GaN SrSffii:i-*»* 

iuzmmMm&ifm&ftte£>i'iz>o si,6H-sic rugm 

[0021] £i\ P-iffififelII±©^ B B B |c:4S P niS-a- 
•tzm&s (Al,Ga,-,) r In,-,N ^^SittBulC, S 

mmM*mmv>®. 600*0 i-^^l, ^*p^ 

30 [0 0 2 2] Al^tffb^tD^A^Jt*, & 

4 5) IdAl ^ti\\L^m, # y >7 ^ (Ga) ^■^tffb^-^SU 5 
wV^^A(In) Sr-^tpfk-g'^Sr^ALT nS(Al,Ga,..) 

[0 0 2 3] rc0#^nM^ B B B cOS^?rTlf 
SfcftlCSi, ®f^(0),«K|S(S),-fe W(Se), X/WU(Te) 

[0024] — y^mm* K-fy^tsi^, *© 

40 »^^B8LTI4nSI-*Q— I- K— fy^LT t, 

X, n^co^— A14mHJfM^^ai-i-2>fc«)|rnjlESt 

10 0 2 5) Wl> -S, !?^>Srfigft*F^ibll?»tti 

*.liKifca*(SiQi) KJ:9«v\ SV^^^SrfiKS^ 
KUt, XI4, !>3i^SrBt9ttJ$-f*©*****«tt 

[0 0 2 6] />* < t tFrSOilaliffl^ t &5 4 5 TfeAl 
50 «r-£tHb£«9, Gat^tHb**, lnSr^tf{b^2iI>'ii 



5 

-<!J V 9^ (Be), ffiiq-(Zn), AK? 

■7-Mcd), £*l?f(C) ?r^tfft^&^g^(i«7vLTT 
^t77»?r K-z/Lfcai.Ga.-JJnwN ^A 

[0 0 2 7J K-T-JfW^ftMfflAm^^ 
[0 0 2 8] mT-^BB.^Si--5^S«lil*f4affi^* 

g) <o±Mm.mzmmis. tco^mM^-m^mrnvt 

[0 0 2 9] ft^lr, piiir&Jlwjgfit-f 5gfl;9-<£>^ 
g (pg) <£>— &fl£^ffi<RW>fe^^:/^'LTTJf <£>n 
[0 0 3 0] nM<DSi, 6H-SiClfcV MtGaN LT 

i»u s^ss^isfflv^-f, pit nm^tt-rzmm 

[oo3i] gi±^(H-ia^©^ B B B i-J;5 P n&£tt& 
©as***-, 00*14% u—yyj h**im-t 

f-t>, P n&^&^j£^5£v^5^TI4±fEI^-jfiigif,a 

[0 0 3 2] l|l-©^ng5-frS:Jgfigi-5»^, 
BB#lfiic(?5^Hli-J;5 p n££-K2)P;U JEirnjHfliJ(i«$iJ 

[0 0 3 3] (Al.Ga.JJn.-.N ^*^ B B B W«fiJ^*I# 
3ff<©»3te«: nltKfCJIV^ft, ffittglin 3^ B B B £ffl 
^5i&gas&5<, (Al»Ga 1 .,)Jn,- I N MJSbI^^K 
ffi'&\t (Al,Ga,- l .)Jn 1 . ) As^*|S B | J ?=(Al x Ga 1 . > )Jn 1 - y 

x <o i^t**. fens. La>u wi, 

Ga.JJn.-.N *]JMSfiTf4jE?L©W»K»#J*tatt:*: 
[0 0 3 4] Z-OO^fn^^«t5i^, «f)i'J^ 



(4) #BB¥- 1 1 - 3 4 6 0 3 5 

6 

mm%n*%\<^nmRUpm.<nifeik (ng, pi) srss 
[0035] ^(o^^^^m-r^m-^, nm<o 

war*©* # ^ n §i&t>* p w.<Dn& l , #s©~ 

[0 0 3 6] (Ai,Ga,JvIn,- r N XWlSAoMHIIFffft 

10 C0(Al«Ga ! .J,.In 1 . > .As^m^ B B 3 J ^(Al,Ga 1 J ) .In w P * 

©* # V ^ B B B X~mtf^T o «iil43fc©$ Ciii>b»w t> 

[0 0 3 7] ^o«^-Sr5pJffl-f?>»'&'b, f5)-#lE£© 
fflrUp n&#©4§£- turnup Att®lEtej* 

&l4iS8S&i;:LTfc&V\, 

[0 0 3 8] nMil©*t y r^sta h'i— ^pm<v 
K-tv^isia!), */t P M«£ B B B ro^^ yrj^si* 

*#K4 t>fliW1-5o X, &\z*—J*i<kmMBf$.$:mg> 

K-tzt^ibm*^ y T»^m^^=fe^'^JS t© 

[0 0 3 9] 

W-tZo ((Al,Ga,-,),In„N:OSxgl,OSy^l)#-^#: 

Si, 6H-SiC&U*GaN <Srffil, JdoV ->Tj**#l«i 
30 ^r7Si- 0 

[0 0 4 0] (1) t77^f 
0 114, -^^r-f TStES:fflV'»fc¥WflcV'— 
KrofflfigSr^UfcWrffiUlr-feSo Hi ir^3^^T, (0001) 

ffi*l*Aj«*ffii:i-<5*?'TWra;*Ri*.*r«fti^© 

^SCWSJ, *^&tti^Ll200 o CSa^T*mfi-rs„ r 

[0 0 4 1 ] -^7r^TS4Elc0S*Sr 600^ 

40 S^T'PljaL, h y ^^VT/V-5=-!7^(TMA) &TJT> 
"t-T (NH 3 ) Srtt*&LT % t7r^7ifil ±lC50nmm 
ft^JgJfSrJtoAlN mz&MfUL-rZ* TMA Ott 

?ao5^Srih«> s atRJfiSSr 1040TC*-C±W\ TMA, hy^ 
^/W^f y !7 A (TMG) 5Lt>*->7 V (SiH, ) ^r«*g LSi K— 
7"naGaAlNS3 (ng) ^figS-TS,, 

[0 0 4 2] -B. N !7=c^*^ft^bSJ«7WL, GaAl 
N g3«^gacO-SI5^Si0 2 T"7^.^ Lfc^, iStfl&g 

T#7fi-f5 0 ^(i, TMG 5rifgLT, SiOjT'-v^^^ 
50 HTV^V^^ldJ? $ 0.5Af mWGaNg4 (7§t£g) ^ 
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J&:fi£-&5o TMA DXy^^i = 

yw-7^^~>^A(Cp 2 Mg) £HK0tif&LT K-^GaAlN Jl 
5 (p/f) & 0.5//mMt5 o 
[0 0 4 3] t LTffiffl LTcSiO, &rjfcB$ 

^-^^^^ Vmik-tZo ftir, K — T'GaAIN 8 

5 (p/f) ii^SiO^T^J^IiSLyci^, ilmm, #50 n 





1 5 K V 




12 0 u AJ&Lb 




6 0 Mm<f> 




2 9 7K 



[0 0 4 4] K — ^GaAlN g 5 (pi) ^8© 

Sl5^t, Si K— ^n^GaAlN 13 (n|) ^ N ^ia-? 

[0045] (2) si m&<Dm& 

i"o ®ffitrCnMSi<^(lll) ®Sfe8lr»^(Z)t, 

4RSrlO00t:*-C»aLT, £4E 8 ^aBBS:S5fe^b U IE 
U\ /DXyfcW X(2Tir^l/^(C 2 H 2 ) 
S 0 { 9a®l-3C-SiC^9^^$^ < 5 o 
[0 0 4 6] ^09^, ^fjPrt^-lS^MLT*^ 

£ 600°Ct^L, TMA XWNH, Srflt^LTAlN ill 0 £r 
3C-SiCW0t9JLfc»fiM-6 o #:^> TMA ©tlt»<0**rJt 
feStEiaftSrlO^^^LT, TMG, TMA Xt/SiH, b 
TnfflGaAIN Jl 1 1 (nl) "Sri**-*-^ 

[004 7] TMA XtFSiH, <D^<Om&^± *GaN 

Jl 1 2 (fi&ttJB) £ 0.5/imM U SOTMA &WP 2 
MgSrJDiMgK— ^GaAlN Si 3 (pg) §r O.Sjzm/Sfi 
i"5o Mg K — ^GaAlN Si 3 (pi) ±(-Si0 2 H 

1 5S:iftf(bfc^ N KElmm, «50/z m<P*gflfr#tU:fg 1 5 
AtrH!W\ K2ft^<t»Lt, Mg K— ^GaAlN H 
3 (pg) |£«-T-*«rHMt+6. ««*©l»»*{*ttll(r 
^ffiflaJi:ia«lT&So SiO : gl 5«*»fcMgK— 

^GaAlN I 1 3 (pi) i:»t5lIl4AS:MU 
tt&o, £tK8^»E^n^GaAlN S 1 1 (nf) 
^Iftl 4 BSrJg^Lfco 

[ 0 0 4 8] (3)6H-SiC ffilgcDif^ 
6H-SiC*ttJbtefl5fifc bfc W— F ?4 K*rH 3 
i*o (SJgSin?B6H-SiCO(0001){BS«l 6 Sr*«iJt^O 



(5) WfBB^F 1 1 - 3 4 6 0 3 5 
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U i200 o c^T#r^i-5c fiE«ffte**Sr*»b 

lO^OtKLT, TMG,SiHJWNH, 
nfflGaN flf I 1 7£ 0.5- l/zmgfl[fi|!ftt5o ft 

TMA SriD^L. nMGaN BMlMl 7 C0±{I n MGaAIN 
g 1 8 (ng) ^^cSi-5c 
[0 0 4 9] ftid, n MGaAIN g 1 8 <£>±i^ WlS^Si 

10 3r/Bl>T, IB— j***ft"C, ttHrJK GaN I 1 9 (fS 
ttg) & 0. 5^m, Mg K— ^GaAlN @ 2 0 (pg) £ 
Sl^dcLfco fti-x Mg K-^GaAlN Jl 2 
0±fclSiQJl2 2fcift«Lfc«, ^ 1 nun, ^50// mCD^S 
B&ttK3ft2 2 ASrBBI^ X^ftW^U, Mg K- 
^GaAlN@2 0 (pi) J»«rJ»*#Lfc 0 

[ 0 0 5 0] *<D1£ S Si0 2 g 2 2flj|^&Hg K— ^GaAlN 

120 (pg) i:^t5ti2iA«U X 

4E1 6 0Sffi{dnS!GaAlN §1 8 (ng) i^t5tfi 
20 2 1 BftJgfiRLfco 

[ 0 0 5 1 ] (4)GaNStECD»-fr 
GaN SffiJt^^fi£bfc>— f 5 ^^— K4H4 te#-*- 0 
fi»anfflGaN O(0001)ffi»«2 3«c:W«iSE»©«, U 

^«2 3 SrSfeSfiKSffi^SaS-rSo 

TkSlXt/NH, SrflW&U XSaSS: 10 4 0 
^l^bT, 5Mttlt5o TMG ai/Sift Sr3E 

JrjDA.TnS!GaN «Hf«2 4 4:0.5 ~1 /imOff*i^ 
$c b/c 0 

30 [0 0 5 2] *{^. TMA ^^JP^. n ®GaAlN g 2 5 

e^^TJ^o ^i-, n^GaANg2 5 0±f^ mjBE^SiSt5 

V>T, IB— J*A*#"C, tnfh, GaNl2 6 (flH* 
g) 0. 5/2 m, Mg K— ^GaAlN g 2 7 (pg) Sr-0.5 
//m^Jl^lMlt ft.^, Mg K — ^GaAlN g 2 7 Jb 
(^Si0 2 g2 9 ?ritlib^^, 8Elmm, «50// m©«»« 
fcfB2 9A4:H^ ^tV^#LT, MgK-^Ga 
A1NJ12 7 (pg) ^«*»Sr«|*Lfc. mm^RSJt 

40 [0 0 5 3] Si0 2 g 2 9 fl^&Mg K— 7°GaAlN 

127 (pg) ^»i"5««|2 8A«rJB*L, S 
4R2 3 <£>HEBtrn3!GaAlN g 2 5 (ng) 
2 8B^Lfc 0 

[0 0 5 4] ±Eov^jh,©«aft<0U— ifyV^-- K 

[Hi ] *7r>f T*«±lcft«Lfc**Wo*flcttft 
— Slififfil ^> ( (Al.Ga, J :0^x^l } O^y^l) 

50 [[12] Si»«±lcf1s«Lfc*»W©*(*eW4--*ill« 



(6) 

9 

fc.«5 ((Al.Ga,J r In I - f N:OSxS],OSyS])»*at#: * 2, 

l — if ^— KOi*fc* LfcSfKBo 3 , 

860!lfc:«5 ((Al,Ga l -,) r In,^N:OSxSl f OSySl)** 

[04] GaN **R±fcf^KLfc*«W©,Aflcfla«— St* 
((AljGa l JJn,^:OSxSl,0£ySl)S¥W 
flew- *f#4ir— KG>*j*fc»Lfc«a5H. 

1 7<fT(D (0001) BBXfi * 10 



4*I»3|Z 1 1-346035 
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9, 1 7 - A1N fSSfJf 

11, 18, 2 5 — nSSAlGaN /■ (nJB) 

12, 19, 2 6 - "GaN Ji (SttB) 
1 3, 2 0, 2 7--MgK— ^AlGaN 8 (pJi) 
1 5, 2 2, 2 9 - 5102 Jf 

1 4 A, 2 1 A, 2 8 A-"«ffi (Mg K—^AlGaN 



4, 
5, 
7, 

6 A, 

m (pi) ^*t-r*) 

6 B, 1 4 B, 2 1 B, 



2 8 B—WS (nMAlGaN 



[Ell ] 
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6 A 




1 4 A 



1 1 
1 0 
9 





[0 3 J 
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2 1 B 




2 8 A 

2 9A/-2 9 




1 8 B 
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